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Abstract

Valued at nearly US 7.5 billion, the global textile industry continues on a growth
trajectory. Printed textiles represent a major segment of the market, and are making
significant contributions to the overall expansion of the industry. Historically, screen
printing has dominated the printed textile market, but digital technologies continue to
make inroads (Hayward, 2016).
One of the problems encountered in the textile industry is obtaining the desired
color. Studies have shown that the texture and finishing of a fabric can have an impact on
the way the ink sets on the fabric and in turn effect the quality of image. Valentini (2012)
concluded in her study that the quality of the image is an important consideration for
buyers. However, defining image quality attributes that correlate with the human
perception of overall quality can be difficult. Hence, the present study is rooted in the
early works of Engeldrum (2004) who stated that image quality depends on the “nesses“
(e.g. colorfulness, lightness, sharpness) rather than on physical image parameters.
According to him these “nesses” relate to human perception of quality. Building on
Engeldrum’s work, Pederson et al. (2010) formulated a more practical approach by
distilling image quality attributes into the five most meaningful (i.e., colorfulness,
lightness, contrast, sharpness and artifacts). In addition, Pederson et al. (2010)
recommend researchers operationalize overall image quality as a separate construct,

vii

recognizing that it encompasses the other five attributes. These have been deployed in the
present study.
A Likert scale was developed and thirty participants were recruited for a
psychophysical experiment. A test form was printed on four fabrics of different texture
and sheen combination and the participants were asked to rate these fabrics based on the
six image quality attributes. The data obtained was statistically analyzed and the results
indicate that a Low Texture and Low Sheen fabric was preferred the most and Image
Sharpness is the most effective image attribute for consumers. The study also led to the
conclusion that image quality is subjective and observer dependent and also implies that
the structural properties of fabrics or substrates can have an impact on the perceived
image quality.
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Chapter 1
Introduction

The textile industry is one of the world’s largest industries. It has been stated that
the textile printing industry represents about 30 billion yards of material volume on an
annual basis worldwide. In 2015, the industry was valued at approximately US $7.5
billion globally. The printed textile industry utilzes various imaging methods .
Historically, screen printing has been the primary method to print graphics on apparel;
however, digital printing methods such as sublimation and direct-to-garment (DTG) have
started to grow in popularity (Hayward, 2016). Chapman (2016) suggests that once
recognized only for the production of samples, inkjet printing onto textiles is now rapidly
developing into a viable method of printing for smaller run specialty and customized
fabrics, and, in some cases, for large press runs.

Background
It has been noted that the advancement in inkjet technology has revolutionized the
textile printing process. The adoption growth of this technology is discussed below.

Adoption of Inkjet Technology
Inkjet, with its ability to print on semi-flat products, to switch between multiple
jobs without changing plates or screens, and to produce excellent image resolution and
print quality, along with its grayscale printing capabilities, has computerized the digital
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printing process. The benefits of digital printing technologies are well documented; they
range from the apparent (e.g., cost-effective short runs and personalization) to the less
obvious (e.g., the ability for adopters to precisely calculate the costs of inks and other
consumables.) A number of researchers and industry experts suggested that these benefits
serve to make inkjet poised to become the preferred technology for short-run textile
printing, providing possibilities for new markets in applications such as flags, banners,
mass customized products, soft furnishings, apparel, and soft signage (Hunting, 1999;
Holme, 2000; Gupta, 2001; Tyler, 2005; Scully, 2014.) These benefits are discussed in
more detail in the Literature Review in Chapter Three.
Further, inkjet has been regarded as a disruptive technology that has a significant
potential to replace the screen printing market in the future. Therefore, it is advantageous
to understand this new disruptive technology that is poised to take over the traditional
marketplace.

The Status of the Textile Industry: Trend and Growth
The industrial survey conducted by Specialty Graphic Imaging Association
(SGIA) in March and April 2017 recorded responses from 82 garment companies in the
United States, as well as in Canada. According to the SGIA survey, from 2016 to 2017,
the adoption of digital technologies had increased by 30.4%. Although screen printing
seemed to remain the top technology for garment printing and decoration, the adoption of
digital technologies continues to grow rapidly.
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In addition, a tremendous growth trajectory was projected in the next six years for
digital textile printing, according to the recent Smithers Pira report, The Future of Digital
Textile Printing to 2021. The report valued this global market at $1.29 billion in 2016,
with growth forecast at an annual average of 12.3% for 2016-2021 (Hayward, 2016).
Moreover, the report projected that the market will more than double in value over five
years, reaching $2.66 billion in 2021.
Smithers’ exclusive analysis tracked how this would drive an even more rapid
increase in the volume of fabric printed with inkjet equipment, from 870 million m² in
2016 to 1.95 billion m² in 2021, a 17.5% Compound Annual Growth Rate (CAGR). This
was supported by the analysis of rising global ink consumption and pricings, and a
comprehensive survey of the state-of-the-art in textile printing equipment.

Global near-exponential growth rates cannot be sustained in the long-run as a
market matures; but several very high growth regions remain. The revolution
digital printing has created in graphics indicates that a market penetration of over
70% can occur within a few years, if there is extensive cost parity or better, and if
barriers to change are removed (Hayward, 2016, p.86).

In 2016, the market share for digital processes for textiles was 2.8% of overall
volume (Hayward, 2016). However, digital’s share was set to boom in a segment where
the mean growth is just 3%. This was the fostering the development of not only new
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business models, but also advancements in the equipment and materials, including print
heads, inks, media, and machinery capable of higher throughput.
Hayward (2016) suggested that the greatest acceleration across the study period
would be in clothing, which had the key sub-segments of fashion, haute couture, and
sportswear. Moreover, quick turnaround was an increasing priority as the fashion
segment embraces multiple mini-seasons and print-on-demand delivery models
(Hayward, 2016). This was indeed supported by the growing availability of web-to-print
platforms. These portals also enabled “value web” approaches–generating direct online
sales of digitally printed clothing and increased household décor. Therefore, the present
study will focus on the quality of images on materials commonly used in the apparel
industry, which is projected to experience explosive growth.

Problem Statement
Inkjet printed textiles are becoming a remarkable trend in the apparel industry.
Many companies have reported the profitability of DTG printing. However, one of the
biggest problems encountered in the textile industry is obtaining the desired color. The
interaction between fabric, inks and the resulting color can be very complex (Azoulay,
2005). Many studies have shown that this can be due to the structural and optical
composition of fabrics. The texture and the finishing of a fabric can have an effect on the
way the ink sets on the fabric. This, in turn, impacts the image quality of the textile.
Moreover, Valentini (2012) concluded that quality is an important consideration
for buyers. However, defining an image quality metric which can correlate with the
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perception of overall image quality has been difficult. In a noteworthy effort to define
and operationalize this concept, Engeldrum (2004) defined image quality as “the
integrated perception of the overall degree of excellence of an image” (p. 448) and
reported that image quality depends on the “nesses,” rather than on physical image
parameters (Engeldrum, 2004). This method operationalizes image quality and
recognizes the effect of human perception.
After an extensive review of the published literature using ProQuest and EBSCO,
no studies were found which examined image quality of textiles, with respect to the
surface qualities of substrates. Hence, the present research studies the effect that fabric
structural properties such as texture and sheen can have on the perception of quality in
accordance to Engeldrum’s definition; this will provide beneficial information to the
industry.

Significance of Topic
Considerable research has been done in inkjet printing with regards to printing on
paper. However, printing on textiles has a different workflow, ink set, and substrates,
along with complex market specifications and requirements. The interaction of the inks
with the textiles is a different process in itself. Some research has been done to
understand the way the ink reacts with fibers in textiles (e.g., Cie, 2015). In multiple
studies, it has been demonstrated that the structural and geometrical make-up of a fabric
impacts the way the colors render and, in turn, impacts the quality of the image (Sijie,
2006). Despite the tactile qualities of the substrates, the quality of printing images is one
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of the top considerations for consumers when purchasing fabrics. Hence, as Valentini
(2012) infers, outputting a textile with an accurate color consistency and high-image
quality is very important. In addition, it is important to recognize the interactions between
the ink and substrate properties in order to obtain high-quality image output. Therefore,
the present study investigates the impact of surface texture (high/low) and finishing
(gloss/matte) on cotton and silk fabrics, which are used heavily in the apparel industry. It
also seeks to provide meaningful information to the textile industry, which could be a
valuable resource for companies that are involved in textile printing.

Reason for Interest
The researcher has a special interest in the effect of fabric surface qualities such
as texture and sheen and is intrigued to understand the effect they have when an image is
printed on the fabric.
Further, the researcher is interested in the textile industry because of her own
interest in the area of fashion and clothing, and digitally printed fabrics. Hence, the target
market for this study is the apparel industry, specifically with respect to the quality of
inkjet printed fabric.
The next chapter proposes the theoretical basis for the present study and
concentrates on Engledrum's Image Quality Circle (2004), specifically as refined and
implemented by Petersen et al. (2010). In addition, the structure of Likert scale that
would to be utilized in the survey instrument is also reviewed.
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Chapter 2
Theoretical Basis

One key goal of the theoretical basis is to provide a foundation with which the
remainder of the study could be framed. This framework provides a model to concisely
direct the research effort, as well as articulate key concepts and definitions. Further, the
theoretical basis provides a scientific justification for the study by demonstrating that it is
grounded in meaningful prior work. The present study recognizes the work of Engeldrum
(2004) and its subsequent refinement by Pederson, Bonnier, Hardeberg, and Albregsten
(2010) as a basis, together with the utilization of Finstad (2010) in selecting the sevenpoint Likert scale in the operationalization of the proposed variables.

Engeldrum and Image Quality Circle
For the present study, the theoretical basis is built upon the 2004 work of
Engledrum. In addition, Pedersen, Bonnier, Hardeberg, and Albregtsen (2010) further
refined Engledrum’s work in developing a more practical adaptation to the prior
foundational work.
Engledrum advanced an Image Quality Circle theory, which contends that image
quality is composed of several factors. He described the most relevant of these as
“nesses,” including constructs such as colorfulness and sharpness. According to him,
“ness” is used as a shorthand notation to mean some perceptual attribute to emphasize the
connection to human perception, and to distinguish a Customer Perception from a
Physical Image Parameter” (p. 451).
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Since it was published, Engledrum’s theory has been used extensively in image
quality research (Choi et al., 2008; Valentini, 2012; Oney, 2013). In using a customer
image quality rating to refer to the judgments that the observer renders for an image,
Engledrum provided a basis by which image quality can be judged. After observers rated
the attributes that constitute quality, psychometric scaling methods could be applied to
generate a numerical scale representative of the opinion of that particular observer.
It is important to note that these judgments of the observer were independent of
the context, application, and purpose of the image, thereby making the judgments
absolute and reinforcing the idea that a particular participant could judge the image
quality, irrespective of whether it was in an experimental setting or in a natural
environment. This concept added to the external validity of choosing this theory for the
judgment of image quality. Furthermore, judgments made in an application-independent
environment make the interpretation process more straightforward, which, in turn, serves
to validate the evaluations provided by the observer.
In a more recent study, Pedersen et al. (2010) developed a more practical
approach to the formative work of Engledrum. The researchers identified the most
important attributes of color image quality with the goal of constructing an efficient and
manageable method with which to evaluate images. Basing their work on Engledrum and
other relevant studies, together with psychophysical experimentation, Pedersen et al.
(2010) identified and categorized image quality constructs with the goal of advancing a
parsimonious selection of those that are most meaningful in the evaluation of reflective
color images. They began with 48 image quality attribute descriptors; based on their
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analysis, they reduced these to the six most meaningful. The definitions of quality
attributes (QA) provided by Pederson et al. (2010) are listed below and are utilized in the
present study:

1. Colorfulness relates to aspects such as hue, saturation, and color rendition, with
the exception of lightness.
2. Lightness is considered so perceptually important that it is beneficial to
separate it from the color QA. Lightness ranges from light to dark.
3. Contrast is described as the perceived magnitude of visually meaningful
differences, global and local, in lightness and chromaticity within the image.
4. Sharpness is related to the clarity of details and definition of edges.
5. Artifacts include noise, contouring, and banding. In color printing, some
artifacts can be perceived in the resulting image. These artifacts can degrade
the quality of an image if they are detectable.
6. The physical QA contains all physical parameters that affect quality, such as
paper properties and gloss (Pederson, 2010, p. 4).

It is important to recognize that, in the present study, the construct “image
quality” serves as the dependent variable. Of the six descriptors outlined by Pederson et
al. (2010), five (namely, color, lightness, contrast, sharpness, and artifacts) are utilized to
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constitute the construct image quality. The sixth descriptor described by the authors
refers to the physical parameters of the printed color image, which includes substrate
properties such as gloss and texture. This descriptor serves as the main independent
variable for the present study.

Likert Scales
A seven-point Likert scale was utilized in the present study. This allowed
respondents to indicate their level of agreements at seven different levels. The sevenpoint scale was chosen based upon research by Finstad (2010) where the effectiveness of
a seven-point scale versus a five-point scale was analyzed. In the study, 172 Intel
employees were recruited to test the usability of two software applications. The research
participants were asked to make a choice of either the five-point or the seven-point scale.
It was observed that, with a five-point scale, the participants’ assigned numbers such as
3.5 or 2.3, which were counted as invalid interpolations. This condition was not as
prevalent with the seven-point scale implementation. Finstad also cites that data analysis
was less complicated when the seven-point scale was utilized. An example of the seven–
point scale is illustrated in Figure 1.
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Figure 1. Likert scale used for the current study
Conclusion
In summary, as theories exist to explain and understand phenomena, the
theoretical framework provided seeks to reference those studies which provided the
appropriate infrastructure to support the present research. The present study examined
important image quality attributes for textile substrates with various surface
characteristics through the lens of the work of Pederson et al. (2010), which was built
upon the foundational work of Engledrum (2004). Other relevant studies are cited in the
following Literature Review chapter.
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Chapter 3
Literature Review

The following section begins with a review of direct-to-garment textile printing.
This is followed by an overview of the different components of fabrics, fabric surface
qualities, and their impacts on printing and the resulting image quality. This section
outlines prior work relevant to the present study.

Overview of Direct-to-Garment (DTG) printing
With the development of DTG in the early 1990s, it became possible to print
directly onto textiles without the need to print on a transfer paper before putting it on the
fabric in a separate process using a heat press (Jihyung, 2007). Most frequently, DTG
uses a drop-on-demand piezoelectric technology, where voltage is applied that generates
a pressure pulse in the fluid, which produces ink droplets from the nozzle. Many apparel
decorators who are willing to adopt these technologies are realizing additional market
share gained by using DTG. In 2013, Impressions magazine interviewed some of the
artists and designers who benefited from adopting DTG. The article reported that, with
low-cost equipment available for short-run work, many in the creative community can
afford to adopt DTG textile printing. With the proper printer, heat press, and a conveyor
oven, small design houses could create their own garment graphics, proof their designs
in-house, and test the market before going to mass production. The designers reported
greater freedom and increased profit by using this technology to their benefit (Levine,
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2013). Personalization was another key advantage of DTG technologies; for example,
Spoonflower, an on-demand inkjet textile company is taking advantage of the
personalization capabilities of DTG. Their customers could download a template, choose
a fabric, create their own design, and then submit the job, which would then be directly
printed by them. The company made a lot of profit by printing various customers’
customized designs (Mortimer, 2013).
Many companies are adopting DTG, which adds value to their existing services,
and improves the growth of the industry. Moreover, many individuals seek to look
different, reaffirming his or her unique sense of style. Digital technology thrives in this
aspect, in comparison to traditional textile printing. Furthermore, the waste produced in
variable data printing is also very low, compared to using screen printing to do multiple
jobs.
Nonetheless, like any other technology, DTG also exhibits some disadvantages.
For example, it is not a very economical option when printing large-run lengths since it is
slower than screen-printing, and it can cost a great deal for a company to produce a longrun job (Shell, 2007).
Technological advancements in DTG technologies have proven to be a strong
engine of economic growth, benefiting not only the printers but also the creative
community. The faster production, high quality output, bright, saturated colors, and
unlimited customization are just some of the many benefits of digitally printed textiles
(Shell, 2007). Having discussed the advantages of using DTG, the next section will brief
the reader on the different inks and substrates used for this process.
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Textile Inks
Printing on textiles has additional requirements, compared to printing on paper.
The construction of fabrics (i.e., woven or knitted) causes higher ink penetration than on
paper; because of this, the color strength on the substrate can get compromised. This is
one of the reasons that inks used for textiles need to have a higher concentration of dyes
or pigments than inks used in the graphic industry where substrates are typically paper or
plastic-based (Deken, 2010).

Dyes
Below is a brief description of the two types of inks that are used in fabric
printing namely pigmented inks and dyes such as acid, reactive, and disperse dyes.
Acid Dyes. These dyes are composed of organic acids that have an affinity for
fibers such as wool, silk, alpaca, and mohair. Acid dyes produce saturated colors that are
water and light resistant, which makes them an optimal choice for printing applications
such as flags, ties, and scarves. The fabric used needs a pre-treatment and post-steaming,
washing, and drying for better image permanence (Shell, 2017).
Reactive dyes. These dyes are commonly used on fibers such as cotton, rayon
hemp, linen, and bamboo. These dyes provide crock resistance and light-fastness, and
have excellent water resistance capabilities, due to which they are used in apparel and
furnishing applications. When reactive dyes are utilized, the fabrics used need a pretreatment, a post-wash and -dry treatment (Shell, 2017).
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Disperse Dyes. These dyes are of two types: dye sublimation (dye-sub) and direct
disperse. Dye sublimation inks are low-energy disperse dyes. In the dye sublimation
process, the ink or image is printed on to an intermediary transfer paper and then is
transferred on to the fabric under the presence of heat and pressure. Direct disperse dyes
are a high-energy version of dye sublimation inks. These dyes print directly on the
substrate, unlike dye sublimation. However, the fabric has to be pre-treated before
actually applying ink. This pre-treatment helps to keep the ink in its place after being
jetted. This is one reason why dye sublimation printing yields bright, saturated colors
(Shell, 2017).

Pigmented Inks
These inks are colorants that are used in an insoluble form and can be absorbed by
any fiber. These are fine powders that are suspended in a liquid carrier in an inkjet
printer. Binders present in the pigment help to adhere the colorant to the fibers of the
textile. While dyes are produced in a water-based formulation, pigmented inks are
formulated using either water or solvents. However, water-based pigmented inks are
more widely used in the textile printing industry than are solvent-based inks (Labella,
2013). This is because pigment inks do not require the pre-treatment of fabrics, yet are
still capable of producing bright, saturated colors. Since there is no pre-treatment of
fabrics while using pigmented inks, it is important to understand that the quality of
printing depends solely on the fabric structure and the interaction of the ink with the
textile fibers (Sawhney, 2006).
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Due to these advantages, the present study seeks to limit its analysis to image QA
of samples created with pigmented inks.

Textile Substrates
DTG inkjet gives excellent results on any fabric, but on polyester, the print
quality gets compromised, compared to other techniques (Kelly, personal
communication, October 5, 2017).
One reason to use dye-sublimation for poly-blended fabrics is that, in dyesublimation, the ink transforms from a solid to a gas state where the ink penetrates inside
the fibers of the textile. However, “in DTG, the ink sets on top of the fabric and doesn’t
penetrate inside the fibers of the substrate. Due to this limitation, polyester cannot be
printed with DTG” (Kelly, personal communication, October 5, 2017). Nevertheless,
DTG could print on a vast array of other materials, including fabrics, ceramics, wood,
glass, and many others. The International Fabric Graphic Association lists fabrics (which
include acrylic, vinyl, cotton, nylon, silk, mesh, linen, chiffon, sateen, charmeuses,
scrims, georgettes, and knits) that could be printed with inkjet (Fabric Graphic
Association, n.d.).
Cotton fabrics have been studied by previous researchers to test the preference of
consumers concerning image quality (e.g., Valentini, 2012). Table 1 illustrates the
commonly used inks in textile prints, along with the desired application and fabric types.
However, to test the effect of surface texture and finishing on the fabrics, the present
research utilizes cotton duck, cotton broadcloth, silk satin, and silk satin twill since these

16

fabrics are compatible with pigment inks, they do not require post-treatment, and
represent an assortment of surface qualities germane to a broad range of applications.

Table 1
Textile Inks (Ingraham, 2013)
Ink

Application

Fabric

Acid

Ties, scarves, swimwear

Silk, Wool, Nylon

Reactive

Fashion

Cellulosic

Pigment

Home furnishings,
office furnishings, decoration

Disperse/

Fashion, sportswear,

Sublimation

automotive, flags/banners

Cotton/ Polyester/Silk

Polyester

Treatment
Many textile printing process go through a two-step treatment process. In the pretreatment process, the textiles are coated with a paste that helps in the fixation of the ink
on the fabric. This pre-coating helps the ink to stay on the fabric without penetrating
inside the fibers. However, this coating is removed in the post-treatment process. This
process applies to all the colorants used in textiles, except for pigmented inks (Fu, 2006).
In conclusion, the properties of both ink and the substrate play an important role
in the functional and structural properties of a fabric. Substrate properties (such as
substrate orientation, fastness, and compatibility with the ink itself) and ink qualities
(such as viscosity, surface tension, conductivity, pH values, foaming properties, and
particle size) are critical when printing on fabrics (Deken, 2010).

17

The type of inks and substrates and the technology that are investigated in the
present study have been discussed above. The literature review now turns to relevant
attributes of the substrate, beginning with those components of fibers, which constitute a
fabric.

Fabric Composition
Fabric consists of large numbers of long, fine fibers that are arranged irregularly
and tangled up. During spinning, these fibers are more or less parallel to each other.
Different weaving patterns generate varying surface textures.
Fibers. Fibers belong to two categories: natural or synthetic. Natural fibers are
grown or harvested, while synthetic fibers are manufactured from inorganic or organic
materials, combined with chemicals. Whether natural or synthetic, each fiber has its own
structural make-up owing to its unique physical properties. These fibers may all look the
same to the human eye; however, the interaction with light varies for different fabrics
based on the fiber structure and surface geometry. The surface geometry or the structural
make-up of the fabric determines its properties such as color, texture, absorbency,
abrasion, resistance, chemical resistance, flammability, strength, sun resistance, and
elasticity and winkle resistance (Deken, 2010).
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Yarn. Yarn is the long, continuous length of interlocked fibers used in the
construction of woven and knit cloth. The most commonly used yarns are spun yarn and
filament yarn. Spun yard is made with staple fibers that are short in length, so they are
twisted and bonded together to make a thread. Filament yarn, on the other hand, consists
of long, continuous filament fibers, which have to be twisted or grouped to form strands
of yarn. The structure produced by the choice of yarn influences various characteristics of
the fabric, such as absorbency, luster, smoothness, and stretch and wrinkle resistance
(Deken, 2010).

Fabrication
The fabrication process is the step in which the yarn is used to construct the
cloth. This is the most important step in the manufacturing pipeline that majorly affects
the fabric. The most common fabrication classes are woven and knitted cloth. Woven
cloth is interlaced at right angles, while knitted cloth is constructed by interlocking the
loops of yarn. Both these fabrications have entirely different styles of surface structure;
knitted fabrics are more elastic than woven fabrics (Deken, 2010).

Finishing
After fabrication, the cloth is taken for the final processing step, finishing, where
one or more fabric finishing type is applied to the cloth. The choice of finishing
determines the ultimate appearance and feel of the fabric. The two most common finishes
are bleaches and dyes, which alter the color of the textile. Usually, colored fabrics are
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initially bleached to decolorize, or whiten, the fibers. Sometimes other substances (such
as starch, glue, minerals, and gelatin) are also used. All these materials dictate the
stiffness, weight, and luster of the fabric (Deken, 2010).

Light Interaction
These surface textures exhibit different optical characteristics. When light hits the
fiber, it may be transmitted, absorbed, or reflected. The geometric characteristics of
textiles (such as natural convolution of fibers, cross-sectional shapes of fiber, twists of
yarn, and surface fluff) scatter the beam of light at different strengths and in different
directions. When a subject views a textile sample, the light reflected from the surface
stimulates the subject’s eyes and provides a two-dimensional color image on the subject’s
retina as an image of the woven pattern, at which point the subject registers the threedimensional image by recognizing memories of experiences with fabrics. These
contribute to the visual appearance of the fiber, including its color shade and luster.
Therefore, variation in the surface texture of the fabrics significantly affects the
colorimetric attributes of textiles, which, in turn, influences perception (Kitaguchi,
Westland & Luo, 2005).
This section established a link between the different components of fabrics and
the resulting characteristics of the fabric. The next section examines studies about the
surface qualities of the fabric and its impact on the quality of the print.
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Surface Qualities of Fabrics
The present study is focused on two surface qualities of fabrics, texture and
finishing. Unlike mass and length, finishing (such as sheen or matte) and texture or
smoothness are not physical; they are sensations that are both material and mental.
Hence, the perception of these factors varies from person to person (Harrison, 1949).
Texture refers to the properties that represent the surface and structure of a
medium. Many psychophysicists have studied texture since it provides a better chance of
understanding human visual information processing. Texture can be defined as “the
visible surface structure depending on the size and organization of small constituent parts
of material, typically surface structure of a woven fabric” (American Society for Testing
and Materials, n.d.). Texture is often described with terms such as fine, coarse, grainy,
and smooth. Alternatively, texture can also be described as a variation in tone and
structure, which can be described as roughness, smoothness, a ripple, a mottle, or a
speckle (Juan, 2013).
Gloss, on the other hand, can be defined as the sudden increase in the brightness
of an object. When illuminated by light, a glossy substance shines heavily and can easily
be differentiated. Matte can be defined as a substance that has no luster and looks dull in
comparison to a glossy substance. While gloss refers to a very shiny appearance, sheen
refers to a less drastic visual attribute. It is less shiny than gloss but shinier than a matte
substance. The main difference between sheen and matte is the way light reflects from it
(Inside Out Style, n.d.).
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To summarize, texture, sheen, and matte are properties that are different in
appearance and in their interactions with ink, light, or printing technology. This can
impact the image quality, which is discussed in the next section.

Image Quality
Color appearance had been the main focus for many years, until recently when the
need to assess the quality of an image has become predominantly important. Valentini
(2012) suggested that image quality is a major decisive factor taken into consideration by
buyers. A study was conducted in order to understand the perception of consumers or
buyers, as well as boutique owners, on the quality of printed textiles. The researcher
conducted structured interviews and analyzed them qualitatively in order to understand
the preferences and opinions of the fashion market. This was followed by a
psychophysical experiment where fifteen different samples of textiles were selected and
were ranked by the participants based on their preference. The results of the ranking
showed that image quality was the highest preference for textiles: the observers preferred
textiles with a brighter textile surface. Further, the study concluded that the vibrancy of
the image seems to get better with a brighter surface. Therefore, the overall quality was
dependent on the textile, apart from the other factors. Further, tactile feel was reported as
an important aspect; nonetheless, its extent is application-dependent. Overall, the
research led to the conclusion that image quality and the target market are the two main
deciding factors when it comes to the preference of the consumers.
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Impact of Texture and Fabric Structure on Quality
The popularity of digitally printed textiles has grown dramatically since the 1990s
and has paved the way for new markets. However, reproducing an accurate color on a
range of substrates and with a range of inks has always been a challenge. This is because
every fabric has its own structural properties that have an impact on the way the ink
interacts with the fabric to reproduce the image (Chapman, 2016).
Jihyung (2005) studied the chemistry between the ink and structural
characteristics of textiles. His study focused on the color appearance of inkjet printed
fabrics, which was evaluated through instrumental and visual assessment. For this, the
structural characteristics of non-colored dyes and printed woven cotton were investigated
for their chromatic properties. Ten different woven samples with diverse weave structures
were pre-treated, and a series of cyan, magenta, yellow, red, green, and blue were printed
with reactive dyes using the Mimaki TX2-1600 digital printer. These fabrics were then
steamed and washed. The dyeing samples were prepared using 1%, 4%, and 6% of
Ramazol blues RR reactive dyes. The colorimetric values of these samples were
measured using a spectrophotometer with spherical geometry. In order to obtain the
fabric geometry information such as, the thickness, weight, crimp, and fabric densities
were measured according to the American Section of International Association for
Testing Materials (ASTM) standards. The surface texture parameters were then measured
using the Kawabata evaluation profiling method. The data collected for these parameters
were tested for correlation, and at a 95% confidence interval, the geometric parameters
and surface texture parameters correlated to each other. This instrumental assessment was
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followed by a visual assessment to test the perceived texture evaluation. The same set of
woven fabrics mounted on a grey background was placed in D65 lighting, and 25
observers with normal color vision ranked the samples based on visual texture and
perceived color. An interval scale was developed using a comparative-judgment method,
and a Spearman correlation test was done to check if there was any correlation between
the factors. The surface texture parameters, surface roughness, and roughness profiles
showed “Poor” correlation with other texture parameters. Increasing the values of surface
textures was shown to decrease the surface reflectance values. Further, the lightness (L*)
of the non-colored samples correlated with the surface texture parameters. To conclude,
this study shows a strong correlation between the surface geometry and optical
characteristics of the textiles with the way the colors reproduced, which in turn, affects
the overall perceived quality (Jihyung, 2005).
In another relevant study, Park, Wallace, Hyunyoung, and Soomin (2006)
investigated the image quality of inkjet printed polyester, i.e., line width, edge blurriness,
and edge raggedness. In their study, six different polyester fabrics were used, along with
three different types of black inkjet inks where the viscosity and surface tension were
recorded. These inks were laid on the fabric using the Utrajet II inkjet; they were visually
ranked from best to worst in terms of the above-mentioned quality attributes. It was
observed that each of the three inks resulted in a different image quality. This difference
is likely a result of the interaction of the ink with the textile fibers. Further, the printing
direction, weave structure, and the finishing process of the fabric impacted the final
image quality, and the acrylic resin finish applied to a polyester fabric reduced the effect
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of fabric structure and improved the line image quality. The authors of this study have
systematically demonstrated the likely impact of fabric structure and finishing on the
quality of the printed image.

Impact of Fabric Finishing on Image Quality
No found research examines the impact of surface qualities on the image quality
of printed fabrics. However, many studies have been done to understand the impact of
gloss and matte surface of paper, and its impact on the print quality. These studies may or
may not apply to the subject of textiles, but they yield valuable information about gloss
and matte surfaces, the most noteworthy are summarized below.
Gamm (2011) studied the factors influencing the selection of paper for fine art
books. For this, the author used a psychophysical experiment, along with physical
measurement, to study image quality attributes of different substrates used in fine art
printing on a digital press. This study was based on the Image Quality Circle theory
proposed by Engeldrum. In order to validate their test, the researchers conducted thirteen
interviews with printers, paper manufacturers, fine-art publishers, and graphic designers
in order to understand their opinion of paper properties, selection criteria, and overall
preferences for fine-art printing. Opacity, paper color, texture, and gloss were shortlisted
as some of the important considerations; hence, twelve papers with different
combinations of color, roughness, gloss, and opacity were obtained from different fine art
paper suppliers. In the first press run, the paper samples were printed using an ICC
profile that was created for the physical evaluation process. Following this, a test form
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obtained from Quality Engineering and Associates was printed to assess the physical
print quality. This was followed by printing samples images on different paper and
binding them into thin books. These books were placed in a standardized viewing booth,
and the observers were asked to rank each of these books based on the image quality and
color rendering using attributes such as color cast, color accuracy, brightness, contrast,
lightness, and saturation. Further, surface appearance qualities, which include gloss and
matte finish and textures, were examined. The data were collected, and the rank order
was analyzed. The participants in the interview reported that the main factor in the paper
decision (after the cost of the paper) is the paper quality. Surface qualities of the paper,
including smoothness, luster and gloss, seemed to have an effect on the perceived quality
of the work. The research suggested that the type of paper to be used depends also on the
kind of artwork to be printed. Some artwork demands a rough, highly textured paper to
better convey its design, while some artists prefer a bluish white glossy paper to produce
bright, saturated colors.
Further, the study suggested that the type of paper to be used also depends on the
technology that would be used to print the artwork. A press with toner particles made of
pigments distributes unevenly on a rough textured paper and may lead to “Poor” print
quality. Therefore, compatibility among paper, artwork, and the printing technology is
needed. Moreover, from the psychophysical experiment, it was suggested that the
physical attributes of paper, along with print attributes, make an impact on the decision of
the observers. Although gloss and roughness were not rated as the top-most
consideration, they were nonetheless regarded as an influential factor when assessing
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paper and print quality. Overall, the different experiments, along with a visual analysis,
indicate the importance of achieving balance between the technical parameters and
human preference. Sometimes, the physical image parameters or the print qualities may
adhere to publicized parameters, yet still not be preferred. This indicated that human
judgment does not always work in accordance to published theories, standards,
specifications, and guidelines. Therefore, validating such studies with human subjects
makes sense and serves to underscore the reliability of studies that solely utilize
measured data.
In another study, Ataeefard (2015) studied the influence of paper properties such
as whiteness, roughness, and gloss on the optical density of color digital printing.
According to the author of the study, substrate properties have a significant impact on the
quality of image appearance for any color printing process, and in any printing
application, the quality of the final output is important. Hence, substrate properties must
always be considered. In another study, Vogle (2008) suggested that the interaction
among the substrate and ink, porosity, roughness, and optical properties (such as
whiteness, opacity, gloss, and light scattering) plays an important role in the overall print
quality. The author selected six papers with different qualities of gloss, whiteness, and
roughness for printing with a laser printer. This study compared various instruments and
metrics, namely, spectrophotometric data from a spherical instrument (d/8°geometry),
gloss readings at 65° and 85°, and optical density using a 0/45° instrument. The data
indicated that gloss is an attribute of substrates that makes the print quality look better
since it gives better color reproduction because of the reflectance of light by the ink. The
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research concluded that the quality of printing is significantly affected by the physical
and chemical properties of the ink and the surface properties of the substrate. Gloss in the
paper seems to impact the way the colors were reproduced. Moreover, dimensional
stability and surface smoothness has a role in distributing the ink evenly across the paper.
A smoother surface allows the toner particles to sit on the paper smoothly, thereby
resulting in a good ink transfer and a better print quality.
The above section summarized previous research and findings on surface texture
(i.e. gloss or matte of substrates) with a goal of educating the reader on the influence
these properties can have on the quality of the output. The next section reviews some of
the important concepts of psychophysics that were relevant for the present study to bring
together the technical aspects of textile printing with human perception.

Psychophysics
Psychophysics is defined as the “quantitative branch of psychology that examines
the relationship between observed stimuli and the human response” (Hunter & Harold,
1987, p.68). Psychophysical studies have developed over time and have achieved a high
level of refinement in their mechanisms.
Psychophysics studies the relationship between the physical properties of a
stimulus and the perception of that stimulus. If the relationship between a given stimulus
parameter and perception were always one-to-one, it would be easy to predict the effects
of changing one or more stimulus parameters. However, psychophysical studies have
revealed that the association between the parameters of a sensory stimulus and what is
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perceived are often quite complex. In other words, what we perceive is not a direct
reflection of what is present in the environment (Fairchild, 2004).

Human Perception
The perception of the observer plays an important role in perceived image quality.
Zakia (2000) defined perception as “a psychological process that includes sensation,
memory and thought and results in meaning such as recognition, identification and
understanding” (p.14). This definition helps us understand how we process quality in our
mind. Every individual has his or her own way of assessing an image by scanning,
selecting, and drawing attention to specific places or attributes within an image, and then
judging the entire image (Zakia, 2000, p.14). When dealing with human subjects,
researchers need to understand that this concept of human perception is important to
understanding the human thought process.

Visual Perception Assessment
Every individual has a unique way of making a judgment. “The way an individual
perceives color is influenced by many factors, including age, general health and attitude”
(Jordan, 2001, p. 76). Further, the judgment of the observer is influenced by factors
including the surrounding and background color, size of the sample, and other factors.
Therefore, a standard environment is required when conducting a visual assessment
experiment to remove any unwanted bias in the experiment.
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Thurstone Law of Comparative Judgment
When dealing with psychophysical experiments, it is important to understand the
measurement of psychological values. Thurstone (1927) proposed the Law of
Comparative Judgment, according to which “the stimulus differences that are detected
equally-often is subjectively equal irrespective of the physical” (p. 269). This law refers
to a participant’s perception of two or more stimuli on a specific dimension; this applies
to the scaling of attributes such as beauty or quality. It employs a psychophysical method
of paired comparison, which is regarded as the most appropriate method of obtaining
subjective value for perceptual judgment. The law suggests an observer will give
“different comparative judgments on successive occasions about the same pair of stimuli
based on higher or lower degrees of excellence” (Thurstone, 1927, p. 269).

Parametric Effects
Below are some of the factors that can impact the human judgment and must be
taken into consideration when working with human subjects, as defined by Jordan (2001).
Color of the surrounding and sample background. The illumination conditions
must be stable throughout the experiment; usually a light booth is used to maintain this.
However, the spectral power distribution of the booth and the level of illumination must
duplicate the lighting conditions for which the study/sample is designed. In a light booth,
the interior walls and background should be matte and neutral with a lightness L* of 50
(Jordan, 2001).
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Nature and intensity of light source. Jordan (2001) states that, once the
background and surround are defined and the light source is selected, the level of
illumination and the intensity of the light must be measured to ensure that it remains the
same each time. Ideally, the luminance for all light sources should be close to 100 lux.
Size and distance from the samples. When viewing the samples of different size,
the retina in the human eye gets used and the colors appear differently. For this reason, it
is advised to have a consistent sample size, which must be at least two-inch square. If the
size requirement is different, then the observers must view the samples from a
predetermined distance, such that the visual angle is not less than two degrees. Further,
the observer must be about 6-12 inches from the opening of the booth (Jordan, 2001).
Angle of illumination and viewing of samples. The specimens must be kept on the
floor of the booth so that the illumination is perpendicular to the specimen. It is important
to maintain the same illumination and viewing conditions.
Observer’s color vision characteristics. Before conducting a visual assessment, a
vision test of the observers must be conducted. This helps to understand the result of the
study in case there are any outliers. Further, color vision capabilities change with age;
hence, having full information of the respondent’s abilities help in making reliable
conclusions. A common test used is the Ishihara color test. However, the Neitz test and
the FM Munsell 100 hue test are also gaining popularity in visual assessment studies
(Jordan, 2001).
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Conclusion
This chapter reviewed the structure of fabric, the ink and technology
considerations for printing and the importance of texture, gloss, and sheen on the print
and perceived quality. Therefore, based on the reviewed studies and theories, the present
study examines the effect on image quality due to different fabric structural qualities such
as texture and gloss. The main objective that drives the present study is elaborated in the
next section of this paper.
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Chapter 4
Research Questions

Utilizing inkjet printed textiles, the present study aims to explore the impact of
surface texture and the finish of a fabric on perceived print quality. The present research
seeks to analyze image quality attributes identified by previous researchers (Engeldrum,
2004; Pederson et al., 2010), on two widely used fabrics. Quantitative data is sought via a
proposed psychophysical study. An extensive review of the literature revealed no
previously published research that examined the impact of surface texture and finishing
on the perceived image quality of printed textiles. Therefore, this chapter provides the
objectives for the current study.
Specifically, the research seeks to examine the following research questions:

1. Which texture and sheen was preferred for image colorfulness?
2. Which texture and sheen was preferred for lightness?
3. Which texture and sheen was preferred for image contrast?
4. Which texture and sheen was preferred for image sharpness?
5. Which texture and sheen was preferred for image artifacts?
6. Which quality factor (image colorfulness, lightness, image contrast, image
sharpness, or the image artifacts) most influenced the overall image quality?
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Chapter 5
Methodology

Overview
To achieve the goals of the study, the researcher conducted a psychophysical
experiment. A repeated measure mixed mode experiment was designed to determine the
preference of different fabric structures and finishes. Figure 2 illustrates the steps
involved in conducting this experiment. The observers were asked to view the sample
fabrics and rate the different image quality attributes based on the previous work of
Engeldrum (2004) and Pederson et al. (2010).

Sample Selection
The sample demographics for the present study were based on the psychometric
scaling defined by Engeldrum (2004). According to the author, a typical scaling
experiment must have as few as four observers to as many as fifty. However, using more
observers decreases the error in the scale value, and increases the validity and reliability
of the study (Engeldrum, 2004). Therefore, the present study had a total of 30 observers
who participated in the survey, as well as in the psychophysical experiment. The
observers were mainly graduate and undergraduate students, faculty and staff affiliated to
Rochester Institute of Technology (RIT); they were recruited using emails and flyers.
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Conduct Ishihara
Test

Select Participants

Perform
Psychophysical
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Peform Statistical
Analysis of Data

Design the
Experiment

Figure 2. Methodology overview

Textile Samples
The fabric samples for this study were obtained from an on-demand inkjet fabrics
store, Jacquard Inkjet Fabrics. The textile samples that were chosen for this experiment
were a combination of high and low texture, along with high and low sheen. The chosen
textiles and their compositions can be seen below in Table 2.
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Table 2
Texture and Sheen Combinations
High Texture

Low Texture

High Sheen

Satin Twill

Silk Satin

Low Sheen

Cotton Duck

Cotton Broadcloth

Variables
As previously indicated, variables are based on the previous work of Engeldrum
(2004) and Pederson et al. (2010). Fabric texture and gloss/sheen are the independent
variables, while the image quality attributes are the dependent variables. Therefore, it can
be said that the image quality attributes (such as image colorfulness, image lightness,
image contrast, image sharpness, image artifacts and overall image quality) are dependent
on the surface texture and matte or sheen finishing of the fabrics.

Procedure
A total of 30 observers participated in the psychophysical experiment. The
observers were mainly Rochester Institute of Technology (RIT) graduate and
undergraduate students, faculty, and staff. All participants consented their voluntary
participation in the study by electronically signing the consent form. The entire
experiment took approximately 15–20 minutes. The responses were collected via an iPad
and were documented on a spreadsheet.

36

The experiment took place in the Color Lab at RIT. The room was kept dark with
minimal interference of external, ambient lighting, and the samples were placed in a light
booth with D6500K illumination. The samples were printed on a Canon Direct-toGarment inkjet printer available at the School of Media Sciences, RIT. The printing
direction and fabric orientation were kept constant to maintain consistency in the test.
Before beginning the experiment, the participants took the electronic version of
the Ishihara Color Perception test. Reinhard (2008) suggested that Ishihara test is the
easiest to conduct and analyze. The test assigned a percentage assessment of the color
vision acuity of the research participants that was recorded in a spreadsheet. This score
was an indication of the participant’s color deficiencies (if any).
After the Ishihara test, the participants were briefed about the visual assessment.
The fabrics were placed next to each other on the light booth and were labeled as Sample
A, B, C, and D respectively. The fabric texture and sheen levels were not disclosed to the
participants. The assessment was based strictly on visual appearance and not on the
tactile feel; hence, the participants were restricted from touching the fabric. The
researcher instructed the participants to carefully look at all the images printed and to
examine each fabric individually. The test image is in Appendix C for reference.
In the beginning, the participants were asked to rate the fabrics on the image
quality attributes on a scale of 1-7, with 1 being “Very Poor” and 7 being “Exceptional”.
The observers first rated the fabrics individually. Then for the preference-based question,
they had to view the four samples at once and choose their preferred fabric out of the four
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samples on the basis of overall image quality. An iPad was used to display the questions
and collect the responses. The questionnaire used in this research is in Appendix C.
Further, to help in the reliability of the data, the definitions of the image quality
attributes, along with the rating scale, were posted in the visible area of the light booth.
These definitions can be viewed in Appendix B. At the end of the experiment, each
participant was provided with snacks as a token of appreciation for their participation.
After all the thirty participants finished the study, the data from the Qualtrics website was
exported to Statistical Package for Social Sciences (SPSS) for statistical analysis of the
data.
The next chapter gives the detailed analysis of the results obtained from the
experiment. It also analyzes the research objectives both qualitatively and quantitatively.
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Chapter 6
Results and Analysis

This chapter includes the demographic information of the respondents and the
results from the psychophysical experiment. It also provides a detailed interpretation of
the data, along with an analysis of research objectives.

Overview
In order to study the effect of fabric structure and finishing on perceived image
quality, 30 observers participated in the study and all the responses were included in the
analysis since there was no missing data. To ensure that all the participants understood
the goal of the research and rating system, a brief overview was given on the purpose of
the study and their role as research participants. The researcher did not disclose the fabric
texture and gloss combinations, but told the participants the objective of the study. The
participants were asked to evaluate ten images on four fabrics on the basis of image
colorfulness, image sharpness, lightness, image contrast, image artifacts and overall
image quality. Each sample was rated individually on a scale of 1-7, ranging from “Very
Poor” to “Exceptional”. After rating them individually, they were asked to do a
simultaneous comparison and choose the best fabric out of the four, which, according to
them, best represented the overall image quality attribute. The participants were then
asked to choose a single most influential factor that helped them choose the best fabric.
The purpose behind the simultaneous comparison and picking the dominating factor was
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to crosscheck their preference and to identify any error in their judgment. Further, this
would also allow the researcher to determine the quality attribute that is most important
for consumer. Each participant took between 12-15 minutes to finish the experiment; the
data was collected over a span of seven days.

Survey Demographics
The respondents who participated in the study ranged from 18-61 years of age,
with the highest frequency of participants being between 22-25 years of age (See Table
3). All the participants of this study were affiliated with RIT.

Table 3
Age Distribution
Age Range (years)

Frequency (ƒ)

Percentage (%)

18-21

4

13.3%

22-25

16

53.3%

26-35

9

30.0%

> 35

1

3.3%

Total

30

100%
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Ishihara Color Perception Test
Before taking part in the psychophysical experiment, each participant completed
the electronic version of the Ishihara Color Perception test administered via the iPad.
Most participants scored 70 or higher on this test, with 63% that achieved a perfect score
of 100. The results are tabulated below in Figure 4. The results of this test indicated that
the sample population had a good color acuity. A detailed summary of the individual test
scores can be found in Appendix E.

Table 4
Ishihara Color Perception Test Scores
Color perception score (%)

Frequency (ƒ)

100

19

90-99

6

80-89

2

70-79

3

60 or below

0

After the Ishihara test, the observers rated each fabric individually. A detailed
result of all the four fabrics is given below.
Image Attribute Results of Sample 1: Cotton Duck
The participants began the experiment by looking at the first fabric sample that
was Cotton Duck, a High Texture and Low Sheen fabric. The respondents rated this
fabric for the six image quality attributes. Table 4 indicates the frequency ratings from
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the respondents for the quality attributes examined. Each respective attribute is
subsequently discussed.

Table 5
Image Attribute Ratings for Cotton Duck
Colorfulness

Lightness

Contrast

Sharpness

Artifacts

Overall
Image
Quality

ƒ

%

ƒ

%

ƒ

%

ƒ

%

ƒ

%

ƒ

%

Very Poor
Poor

0
0

0
0

0
0

0
0

0
1

0
3.3

3
3

10.0
10.0

2
5

6.7
16.7

0
1

0
3.3

Below
Average
Average

2

6.7

3

10.0

3

10.0

9

30.0

4

13.3

6

20.0

8

26.7

8

26.7

7

23.3

8

26.7

8

26.7

8

26.7

Above
Average
Very Good

9

30.0

11

36.7

7

23.3

4

13.3

4

13.3

7

23.3

10

33.3

6

20.0

11

36.7

3

10.0

4

13.3

8

26.7

Exceptional

1

3.3

2

6.7

1

3.3

0

0

3

10.0

0

0

n=30

Image Colorfulness
No respondents rated the Cotton Duck fabric as “Very Poor” or “Poor” in regard
to the attribute colorfulness, and only two rated this sample as “Below Average” Over
66% of the respondents rated this fabric as “Above Average,” “Very Good,” or
“Exceptional”. This suggests that the participants in the study generally regard
colorfulness in a positive manner.
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Image Lightness
Like the attribute colorfulness, no respondents rated this High-texture and Lowsheen fabric as “Very Poor” or “Poor” in regard to the attribute lightness, with only three
rating it as “Below Average”, while over 60% rated lightness on the Cotton Duck as
“Above Average”, “Very Good”, or “Exceptional”. This suggests that like colorfulness,
lightness is generally regarded in a positive manner.

Image Contrast
In analyzing contrast on the Cotton Duck, the results were not as favorable as they
were for colorfulness and lightness. While over 60% rated this attribute and fabric
combination as “Above Average”, “Very Good”, or “Exceptional”, over 13% rated this
fabric as “Below Average” or “Poor”. This suggests that, to some, an analysis of contrast
is mixed with Cotton Duck.

Image Sharpness
The attribute of sharpness was rated as “Very Poor”, “Poor”, or “Below Average”
by half of the respondents, suggesting that the surface qualities of Cotton Duck are not
especially conducive to producing sharp images. Curiously, over 23% of the participants
rated sharpness as “Above Average” or “Very Good.” This may suggest a need for
further investigation here.
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Image Artifacts
In analyzing the quality attribute known as artifacts, results were somewhat
evenly distributed in “Above Average” and higher (over 26%) and “Below Average” and
lower (over 36%): this suggests that the fabric has very few print defects. Unlike the
other image quality attributes, a lower rating for image artifacts imply that the fabric has
lesser artifacts such as banding, noise, contouring or any other visible physical defect.

Overall Image Quality
The overall image quality of the Cotton Duck fabric was also mixed; with nearly
50% rating it as “Above Average” or higher, and over 23% suggesting it is “Below
Average” or lower. An examination of this finding as compared to the other tested fabrics
is discussed in the Results section.

Image Attribute Results of Sample 2: Satin Twill
After rating Cotton Duck, the participants were introduced to the second sample,
Satin Twill, a High Texture and High Sheen fabric. The respondents rated this fabric for
the six image quality attributes. Table 5 indicates the frequency ratings from the
respondents for the quality attributes examined. Each respective attribute is subsequently
discussed.

44

Table 6
Image Attribute Ratings for Satin Twill

ƒ

%

ƒ

%

ƒ

%

ƒ

%

ƒ

%

Overall
Image
Quality
ƒ
%

Very Poor

0

0

0

0

0

0

0

0

0

0

0

0

Poor

0

0

0

0

0

0

0

0

0

0

0

0

Below
Average

6

20.0

7

23.3

4

13.3

6

20.0

6

20.0

4

13.3

Average

9

30.0

12

40.0

10

33.3

5

16.7

6

20.0

8

26.7

Above
Average

10

33.3

8

26.7

10

33.3

10

33.3

6

20.0

11

36.7

Very Good

3

10.0

3

10.0

6

20.0

8

26.7

8

26.7

5

16.7

Exceptional

2

6.7

0

0

0

0

1

3.3

4

13.3

2

6.7

Colorfulness

Lightness

Contrast

Sharpness

Artifacts

n=30
Image Colorfulness
None of the respondents rated the Satin Twill fabric as “Very Poor” or “Poor”
with respect to the colorfulness attribute and over six rated this fabric as “Below
Average”. The fabric was rated as “Average” by 30% of the respondents; while about
50% of the respondents rated Satin twill as “Above Average”, “Very Good” and
“Exceptional”. Therefore, there were mixed responses for colorfulness of Satin Twill that
is a High Texture and High Sheen fabric.
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Image Lightness
Similar to colorfulness; lightness of Satin Twill did not rank “Very Poor” or
“Poor” and seven participants rated this fabric as “Below Average”. A total of 12
respondents rated this fabric as “Average” and over 11 participants rated it as “Above
Average” and “Very Good”. Overall, the fabric is rated the highest as “Average” for its
lightness image attribute.
Image Contrast
None of the respondents rated Satin Twill as “Very Poor” or “Poor” for its
contrast attribute and only four out of thirty participants considered the contrast in the
sample image as “Below Average”. The contrast attribute on the images printed on Satin
Twill was also rated equally as “Average” and “Above Average”, which is a total of 66%
responses. Further, a total of 20% respondents regarded this fabric as “Very Good” for
the contrast attribute.
Image Sharpness
Just like the above-mentioned attributes, none of the participants rated the
Sharpness attribute as “Very Poor” or “Poor”. Close to 36% of the respondents rated this
attribute as “Below Average” and “Average”. Although, 27% of the respondents rated
this fabric as “Very Good”; a larger population rated this fabric as “Above Average” and
only one participant felt that the sharpness attribute on Satin Twill is “Exceptional”.
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Image Artifacts
Interestingly, equal number of respondents (20%) rated the Artifacts on Satin
Twill as “Below Average”, “Average” and “Above Average” alongside the highest
number of respondents rating the Artifacts as “Very Good” and only about 13% rated the
artifacts as “Exceptional”. As stated earlier, a lower rating for artifacts means the fabric is
good. The higher the rating, the more the physical defects on the fabric such as banding,
noise and contouring. Therefore, from the results we can conclude that Satin Twill had
some image artifacts.
Overall Image Quality
Satin Twill was rated the highest as “Above Average” by a total response rate of
approximately 37% followed by 27% respondents rating it as “Average” and a total of
23% respondents rating it as “Very Good” and “Exceptional”. Since it ranked highest as
“Above Average”; it can be stated that the overall image quality of Satin Twill is fairly
acceptable.

Image Attribute Results of Sample 3: Cotton Broadcloth
The participants were later introduced to Sample 3, which was Cotton Broadcloth,
a Low Texture and Low Sheen combination. The respondents rated this fabric for the six
image quality attributes. Table 6 indicates the frequency ratings from the respondents for
the quality attributes examined. Each respective attribute is subsequently discussed.
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Table 7
Image Attribute Ratings for Cotton Broadcloth
Colorfulness

Lightness

Contrast

Sharpness

Artifacts

Overall
Image
Quality

ƒ

%

ƒ

%

ƒ

%

ƒ

%

ƒ

%

ƒ

%

Very Poor

0

0

0

0

0

0

0

0

0

0

0

0

Poor

0

0

0

0

0

0

0

0

1

3.3

0

0

Below
Average

0

0

0

0

0

0

1

3.3

3

10

0

0

Average

1

3.3

1

3.3

1

3.3

4

13.3

6

20

1

3.3

Above
Average

7

23.3

4

13.3

8

26.7

5

16.7

8

26.7

6

20

Very Good

14

46.7

17

56.7

12

40

13

43.3

8

26.7

16

53.3

Exceptional

8

26.7

0

0

9

30

7

23.3

4

13.3

7

23.3

n=30

Image Colorfulness
None of the participants rated the color attribute of Cotton Broadcloth as “Very
Poor”, “Poor” or “Below Average” and only one participant felt that the colorfulness in
the images printed on this Low Texture and Low Sheen fabric is “Average”. With 23%
of responses rating this fabric as “Above Average” and a sum total of 73% respondents
considering this fabric as “Very Good” and “Exceptional” for its color quality. This
indicated that most people liked the hue, chroma, and saturation levels of this fabric.
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Image Lightness
Just like colorfulness attribute, none of the participants rated the fabric as “Very
Poor”, “Poor” or “Below Average” for its lightness and only one respondent considered it
as “Average”. Although, 13% participants considered the fabric images as “Above
Average” for its lightness; a dominating percentage of responses (86%) considered the
lightness between the image components as “Very Good” and “Exceptional” indicating
that the fabric had a very good lightness attribute to its images.

Image Contrast
Similar to the responses for colorfulness and lightness, none of the participants
rated the fabric as “Very Poor”, “Poor” or “Below Average” for its image contrast and
only one respondent considered it as “Average”. Approximately 27% of the respondents
rated the fabric as “Above Average” followed by 40% responses for “Very Good” and
30% responses for “Exceptional”. Considering a close response rate for “Very Good” and
“Exceptional” it can be said that the contrast between images printed on Cotton
Broadcloth are fairly accepted and considered good.

Image Sharpness
Although none of the observes rated the Sharpness attribute as “Very Poor” or
“Poor”; five out of 30 participants considered the Sharpness as “Below Average” and
“Average”. With 17% respondents considering the fabric as “Above Average” followed
by 43% considering it as “Very Good” and close to 23% rating it as “Exceptional”.
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Despite the mixed responses, from the data shown in Table 6, it can be said that most
people favor the Sharpness in the printed images on Cotton Broadcloth.

Image Artifacts
None of the respondents rated this fabric as “Very Poor” and only one participant
rated this fabric as “Poor”. While 10% of the responses stated that the fabric was “Below
Average” and 20% considered the artifacts on Cotton Broadcloth to be “Average”; a
large percentage of 66% respondents considered the fabric to be “Above Average”,
“Very Good” and “Exceptional”; with equal percentage of responses for “Above
Average” and “Very Good”. These results indicate that Cotton Broadcloth has evidently
many print defects that the other fabrics.

Overall Image Quality
Cotton Broadcloth was not considered as “Very Poor”, “Poor” or “Below
Average” by any of the participants. While one participant considered it to be
“Average”, over 20% considered the overall quality of the fabric to be “Average” and
53% respondents felt that the quality was “Very Good”; followed by 23% respondents
that considered the fabric quality to be “Exceptional” overall. Since a majority of
respondents considered the overall quality of this Low Texture and Low Sheen fabric to
be good, it can be said that the fabric has been perceived as good overall.
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Image Attribute Results of Sample 4: Silk Satin
The participants were then introduced to a High Sheen and Low Texture fabric,
which was Silk Satin. The respondents rated this fabric for the six image quality
attributes. The frequency ratings from the respondents for the quality attributes examined
are listed in Table 7. Each respective attribute is subsequently discussed.

Table 8
Image Attribute Ratings for Silk Satin
Colorfulness

Lightness

Contrast

Sharpness

Artifacts

Overall
Image
Quality

ƒ

%

ƒ

%

ƒ

%

ƒ

%

ƒ

%

ƒ

%

Very Poor

0

0

0

0

0

0

0

0

0

0

0

0

Poor

0

0

1

3.3

0

0

0

0

0

0

4

13.3

Below Average

2

6.7

7

23.3

3

10.0

8

26.7

6

20.0

8

26.7

Average

4

13.3

6

20.0

9

30.0

7

23.3

6

20.0

8

26.7

Above Average

10

33.3

8

26.7

6

20.0

7

23.3

7

23.3

10

33.3

Very Good

14

46.7

7

23.3

11

36.7

7

23.3

10

33.3

0

0

Exceptional

0

0

1

3.3

1

3.3

1

3.3

1

3.3

0

0

n=30
Image Colorfulness
None of the respondents rated the colorfulness on Silk Satin fabric as “Very Poor”
or “Poor” and only two out of thirty participants considered it to be “Below Average”,
followed by four participants that considered it to be just “Average”. Over 33% of the
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respondents considered this fabric to be “Above Average” while a larger population
(47%) considered the color attribute on this fabric to be “Very Good”. None of the
participants rated this fabric “Exceptional” for the color attribute in the image printed on
this fabric.
Image Lightness
Lightness on Silk Satin was not considered to be “Very Poor” and only one
participant rated the fabric to have “Poor” lightness attribute. The fabric is rated as
“Average” by 20% and only 3% rating for “Exceptional”. Curiously, 23% of the
respondents rated the lightness as “Below Average” and an equal percentage of the
respondents (23%) also rated the fabric as “Very Good”. This pool of mixed responses is
a good example of how image quality is a personal preference and varies from person to
person.
Image Contrast
The contrast between images was not considered as “Very Poor” or “Poor” and
only three participants felt that the contrast was “Below Average” which was followed by
nine participants that rated it as “Average”. The highest rating of 36% was given to “Very
Good” and only one participant considered the contrast attribute on Silk Satin to be
“Exceptional”.
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Image Sharpness
None of the participants rated the Sharpness attribute as “Very Poor” or “Poor”.
While 26% of the respondents rated Sharpness as “Below Average”, a surprisingly equal
percentage of the respondents rated the fabrics as “Average”, “Above Average” and
“Very Good” and only participant considered it to be “Exceptional”. The Sharpness
attribute on this High Sheen and Low Texture fabric seems to been comprehended
differently individually.
Image Artifacts
With zero ratings for “Very Poor” and “Poor” and equal response (20%) for
“Below Average” and “Average”; the fabric was ranked “Above Average” for over 23%
responses and ranked the highest as “Very Good” for its Image Artifacts. Since Silk Satin
ranked highest as very good and has fewer lower ratings, it indicates that Silk Satin also
has some prominent artifacts although lesser than Cotton Broadcloth.
Overall Image Quality
Only four participants rated this fabric as “Below Average” and an equal
percentage of responses (27%) rated the overall quality of this fabric as “Above Average”
and “Average”. Nevertheless, the highest responses were received for “Very Good”
indicating that a larger population of the respondents considered this fabric to have a very
good quality of images overall.
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Analysis of Research Objectives
The researcher prepared a summary of the results pertaining to each fabric and
then analyzed the research objectives, based on the results obtained.
The first research objective was satisfied by the question “Which texture or sheen
was preferred for image colorfulness?”
To understand which fabric was preferred or chosen for its image colorfulness,
the participants rated each sample individually. The results are presented in Figure 5.

Image Colorfulness
Silk Satin
Cotton Broadcloth
Satin Twill
Cotton Duck
-10

Below Average

-5

Average

0

5

10

Above Average

15

20

Very Good

25

30

Exceptional

Figure 3. Participant responses for perception of image colorfulness of the four samples

The participants had to choose from “Very Poor”, “Poor”, “Below average”,
“Average”, “Above Average”, “Very good”, and “Exceptional” for the colorfulness of
each fabric sample. From the graph above, it is evident that Satin Twill was considered to
have the lowest rating for colorfulness and it also ranked the highest value for “Average”.
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It is interesting to notice that 10 out of 30 people ranked Cotton Broadcloth, Silk Satin
and Satin Twill as “Very Good” and an equal percentage of participants ranked them as
“Exceptional”. Cotton Duck and Satin Twill have the lowest evaluation while Cotton
Broadcloth ranked fairly better than the other fabrics.

The participants were now exposed to the second research objective, which was
satisfied by the question “Which texture or sheen was preferred for image lightness?”

Image Lightness
Silk Satin
Cotton Broadcloth
Satin Twill
Cotton Duck
-20
Poor

Below Average

-10

0

10

Average

Above Average

20
Very Good

30

40

Exceptional

Figure 4. Participant responses for perception of image lightness of the four samples
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As shown in Figure 6, Cotton Broadcloth evidently produces better lightness in its
images, in comparison to the other samples. Silk satin was the only fabric that was rated
as “Below Average” by 7 participants. 12 out of 30 participants on the other hand rated
satin Twill as “Average”. Unlike colorfulness attribute, the image lightness attribute on
Cotton Duck ranked higher than the other fabrics as “Very Good”. Overall, from the
figure it is clear that Cotton Broadcloth ranked the highest for the lightness produced in
its images.
The participants were then asked to rate the image contrast for the four samples.
This was the next research objective, which was satisfied the question “Which texture /
sheen was preferred for image contrast?”

Image Contrast
Silk Satin
Cotton Broadcloth
Satin Twill
Cotton Duck
-10
Poor
Above Average

-5

0

5

10

Below Average
Very Good

15

20

25

30

35

Average
Exceptional

Figure 5. Participant responses for perception of image contrast of the four samples

From figure 7 we can notice that Cotton Duck was the only fabric that was rated
as “Poor” among the other fabrics. A small population of respondents rated all the other
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fabrics except for Cotton Broadcloth as “Below Average”. Further, Satin Twill was rated
the highest as “Average” by 10 out of 30. Further, all the four fabrics were rated as
“Above Average” and “Very Good” where Satin Twill ranked the highest as “Above
Average” and Cotton Broadcloth and Silk Satin ranked the highest as “Very Good”. Very
prominently, Cotton Broadcloth received the maximum ratings for “Exceptional” contrast
attribute in its images.

The participants were introduced to the research question about Image Sharpness
which was “Which texture / sheen was preferred for image sharpness?”

Image Sharpness
Silk Satin
Cotton Broadcloth
Satin Twill
Cotton Duck
-20
Very Poor
Above Average

-10

0

Poor
Very Good

10

20

Below Average
Exceptional

30

40

Average

Figure 6. Participant responses for perception of image sharpness of the four samples

From the graph in figure 8, we can clearly see that Cotton Duck received the most
negative responses for the sharpness attribute. It is the only fabric that was rated as “Very
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Poor” and “Poor” and also rated as “Below Average” by 9 participants. Most participants
perceived satin Twill as “Above Average” while Silk Satin received higher ratings for
“Very Good”. Cotton Broadcloth was the only fabric that was rated as “Exceptional” in
terms of the sharpness attribute in its images.

The research question for image artifacts read “Which texture / sheen was
preferred for image artifacts?”

Image Artifacts
Silk Satin
Cotton Broadcloth
Satin Twill
Cotton Duck
-20
Very Poor
Above Average

-10
Poor
Very Good

0

10

Below Average
Exceptional

20

30

Average

Figure 7. Participant responses for perception of image artifacts of the four samples

From the data obtained in figure 9, it is evident that Cotton Broadcloth was
identified as having the most prominent artifacts followed by Silk Satin and Satin Twill.
Cotton Duck is the only fabric that received the lowest ranking for its image artifacts
suggesting that there were less print defects such as noise, contouring, and banding on
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this fabric type. It is interesting to notice, that Cotton Broadcloth was ranked the best for
all the other image quality attributes except for image artifacts.
To understand which fabric had a good overall image quality, the question
“Which texture / sheen was preferred for overall image quality?” was utilized.

Overall Image Quality
Silk Satin
Cotton Broadcloth
Satin Twill
Cotton Duck
-10
Poor
Above Average

0

10

Below Average
Very Good

20

30

40

Average
Exceptional

Figure 8. Participant responses for perception of overall image quality of the four
samples

From Figure 10, it can be concluded that Cotton Broadcloth ranked the highest in
the overall image quality by a majority of participants. This was followed by Satin Twill
and Silk Satin.
The sixth research objective was to identify which texture and gloss combination
was preferred by the participants. This objective was addressed by the question: “Which
sample out of the four do you prefer the most?”
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Although this was an open-ended question, the study addressed this through
quantitative analysis of the data. Results showed that a majority of the participants i.e. a
total of 84% individuals who participated in this study prefer Cotton Broadcloth, a low
Textured and low Sheen fabric over the other fabrics. Further, Satin Twill and Silk Satin
were preferred by 6% and 10% of the participants (See Figure 11). Unlike Satin Twill
and Silk Satin, Cotton Duck was not even considered by the participants for this
objective. These results showed that the perception of a person could change when
samples are viewed individually and simultaneously (Thurstone, 1927). This finding is
consistent with the Thurstone’s law of comparative studies, as stated in the Literature
Review.

Most Preferred Fabric
Silk Satin

Cotton Broadcloth

Satin Twill

6% 10%

84%

Figure 9. Participant responses for the most preferred fabric

The participants were introduced to the last research question to further evaluate
their responses. The research question stated, “Which quality factor (image colorfulness,
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image lightness, image contrast, image sharpness or the image artifacts) most influenced
the overall image quality?”
This question relates to the previous research objective. In the previous question,
the participants were asked to pick the fabric they prefer the most. In this question, they
were asked to choose the most influential factor from the five major image quality
attributes (namely, image colorfulness, image lightness, image contrast, image sharpness
and image artifacts) that led to their decision-making. A total of 42% of the individuals
who participated in this study chose Image Sharpness as the image quality that influenced
their decision. The results indicate that image sharpness is the leading quality attribute
that helped in distinguishing among different fabrics. The second most considered image
quality attribute was contrast by 26% of the respondents followed by colorfulness and
lightness (22% and 7% respectively). It was interesting to note that the factor that had the
least impact on the participants’ decision was image artifacts, with just one response.
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Most Influential Attribute

3%

22%

Colorfulness
Lightness

42%

7%

Contrast
Sharpness
Artifacts

26%

Figure 10. Participant responses for the most influential image quality attribute
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Chapter 7
Summary and Conclusion

This chapter begins with a summary of the conclusions drawn from the results,
followed by a comparison of results with the theoretical basis. The chapter ends with the
limitations of this study, along with suggestions for future research.

Summary
The main objective of the current study is to understand how texture and gloss
affect the perceived image quality on a fabric.
The results and analysis, stated in the previous chapter, suggest that when
assessing images, the process of accounting for the effect of surface texture in relation to
the image qualities is highly individualized. Every participant may have interpreted
quality in his or her own way. Although the terminology was provided, the understanding
of these qualities is very personal and varies significantly from person to person. This
observation is consistent with the concept of human perception stated by Zakia (2000).
From the results, it can be concluded that the participants preferred Cotton Duck,
Cotton Broadcloth, and Silk Satin for the colorfulness image quality. This would imply
that a fabric with a Low Texture is considered excellent for its color reproduction
regardless of the sheen. Further, a majority of the population preferred Cotton Broadcloth
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and Silk Satin for its lightness, which further indicates that a low textured and low sheen
fabric can result in a clear distinction between light and dark. A high sheen and high
textured fabric, such as the Cotton Duck, was considered to have the poorest contrast
attribute in its image quality. However, a low textured and low sheen fabric, such as
Cotton Broadcloth, was rated highest in its quality of contrast.
Similarly, Cotton Broadcloth was also preferred the most for image sharpness.
The image artifacts, however, were less prominent on Cotton Duck, which was a high
texture and low sheen fabric. When the participants had to choose a choose with overall
good quality, Cotton Broadcloth was preferred the most, but Satin Silk and Satin Twill
were fairly close. These fabrics have a low texture in common, but have varying sheen
levels.
From the results, the data indicate that 84% of the total respondents also chose
Cotton Broadcloth as their most preferred fabric out of all the choices. This may indicate
that low texture / low sheen overall has a wider acceptance by the audience. The
structural property of this fabric seemed to have pleased most observers as they ranked
consistently well in terms of the quality attributes.
To sum up, image quality attributes such as colorfulness, lightness, contrast,
sharpness and image artifacts play a vital role in the overall perceived image quality.
However, sharpness is an attribute that is most likely to differentiate a good quality from
a bad quality image. From the current research, it can be regarded that it is the most
influential and a widely understood image attribute.
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Conclusion
One of the major conclusions of this study is that highly textured fabrics are
preferred the least; they also result in perceived Poorer quality images. Although high
sheen fabrics result in overall highly saturated and colorful images, a wider range of
acceptance is given to low textured and low sheen fabrics -- indicating that, a less
complex fabric structure is more likely to be accepted by consumers concerned about
image quality.
Also, there is a noteworthy deviation in the responses of the participants. As
previously mentioned, the concept of image quality is subjective and observer dependent.
From the study it can be said that the individual observer, surface qualities and the image
type are important factors in perceived image quality.

Limitations
Although precaution was taken to remove as much bias as possible and to
maintain the reliability and validity of the study, some restrictions in the choices
contributed to noteworthy limitations. Listed below are some of the relevant drawbacks.
1. The sample size of this study was limited.
2. The study was limited to only pigmented inks.
3. The study was limited to only cotton and silk fabrics.
4. The fabrics used for this study were selected on the basis of texture and sheen.
The researcher did not consider the optically brightening agent (OBA) in the
fabrics. Hence, some fabrics were pure white, and some fabrics had a yellowish
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tinge. This is suspected of having an influence in the way the images are
perceived.
5. All the analysis was based on visual assessment, and no tactile feel was
assessed in this study.
6. The test form utilized in this study can represent a limitation to the present
study. The form was selected to be representative of several types of images,
across a breadth of image types. The image quality attributes were not considered
individually in the selection of the test form images. For example, images
designed to benefit from image sharpening may influence that particular image
quality attribute in its assessment.

Future Research
With the results and analysis derived from the present research, a deeper
perspective and understanding of image quality on fabrics has been established. With the
continuous advancement in printing technologies and the growing demand in the textile
market, there is scope for more research and development. Some of the suggestions for
future research are:

1. A similar study can be performed to study the image quality on different
textiles using different inks, different printing technology, and test images.
2. A comparison study can be performed by doing the same study, but also
including the tactile feel. This may give interesting results and can be a good
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test to see the consistency in the perception of image quality when touch is
involved.
3. Researchers can study the perception of quality by comparing visual analysis
with instrument-based data collection.
4. Since the present study did not focus on the OBAs used for textiles, there is a
scope to research the influence of OBAs on perceived image quality.
5. Future researchers can also design an experiment isolating the key variables of
image quality: individual observer, surface qualities and image type.
Implications
The present research has various implications for the textile printing and the
graphic arts industry. The first implication for these industries is that structural properties
of substrates (in this case fabric) such as texture or sheen has substantive impact on the
quality of the printed product. This theory can hold true for other substrates such as
paper. However, the methodology developed in this study could be utilized to test this
concept on various other substrates. Further, one of the most profound implications
obtained from the results of this study for the Textile Industry is that most consumers or
buyers prefer a low texture and low sheen fabric over highly textured or glossy fabrics.
The other most important implications derived from this study is that sharpness in the
images is the most sought-after image quality attribute followed by contrast in the
images. Hence, the graphic arts industry or the designers who produce the printed output
can benefit from knowing that if the image printed is a sharp image with good contrast in
its images, the consumer could more readily accept it. Nevertheless, it must also be
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considered that the concept of image quality is observer dependent and that every
individual perceives quality differently.
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Appendix A
Informed Consent Document

A Study on the Effectiveness of Fabric Structure and Finishing on Perceived Image
Quality

INTRODUCTION
You are invited to join a research study to evaluate printed textile samples based on
certain image quality attributes. Please take whatever time you need to discuss the study
with your family and friends, or anyone else you wish to. The decision to join, or not to
join, is up to you.
WHAT IS INVOLVED IN THE STUDY?
If you decide to participate you will be asked to look at images printed on different
fabrics and evaluate certain image quality attributes. We think this will take you
approximately 15-20 minutes.
RISKS
There are no risks associated with this study other than those encountered in everyday
life.
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BENEFITS TO TAKING PART IN THE STUDY?
By taking part in this study, you are potentially helping to advance the knowledge in
the area of image quality, particularly for textile printing. However, we can’t guarantee
that you will personally experience benefits from participating in this study.
In order to keep the information about you confidential, and to protect it from
unauthorized disclosure, tampering, or damage: All the data will be reported in an
aggregate form only. The researcher will not associate indivdual names with the data
during the data collection process.
INCENTIVES
The subjects would be offered snacks as a token of appreciation for giving their
valuable responses for the study.
YOUR RIGHTS AS A RESEARCH PARTICIPANT?
Participation in this study is voluntary. You have the right not to participate at all
or to leave the study at any time. Deciding not to participate or choosing to leave the
study will not result in any penalty or loss of benefits to which you are entitled, and it
will not harm your relationship with RIT College of Art and Design or School of Media
Sciences.
CONTACT FOR QUESTIONS OR PROBLEMS?
Call Payal Sharma at 585-500-1728 or email at ps6720@rit.edu if you have
questions about the study, any problems, unexpected physical or psychological
discomforts, any injuries, or think that something unusual or unexpected is happening.
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Consent of Subject (or Legally Authorized Representative)
Signature of Subject or Representative

Date

_________________________________________________
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Appendix B
Instructions to Participants
Terminology
Below are the definitions of some of the image quality attributes that you
may refer to while taking the experiment.
1. The colorfulness quality attribute contains aspects related to color such as hue,
saturation, and color rendition, except lightness.
2. The lightness quality attribute is considered so perceptually important that it is
beneficial to separate it from the color QA. Lightness ranges from light to dark.
3. The contrast quality attribute can be described as the perceived magnitude of
visually meaningful differences, global and local, in lightness and chromaticity
within the image.
4. The sharpness quality attribute is related to the clarity of details and definition
of edges.
5. The artifacts quality attribute includes noise, contouring, and banding. In color
printing, some artifacts can be perceived in the resulting image. These artifacts
can degrade the quality of an image if they are detectable.
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Scale
Please use the below scale to rate the questions on a scale of 1-7 with 1 being
“Very Poor” and 7 being “Exceptional”.
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Appendix C
Outline of the Psychophysical Experiment Questionnaire

The following section consists of the proposed questionnaire that will be handed
to the participants during the experiment.

Participant ID:
Date:
Age:

Instructions
The experiment consists of two sections and you should take approximately ----minutes to finish. Your answers will be recorded and treated with anonymity. Some
useful terminology and the scale will be placed in front of you on the light booth; please
refer to these while rating the samples. Please avoid touching any samples since the
analysis is based on your visual perception only.

Part 1- Rank order according to Image Quality Attributes
1. Based on the reference scale provided above, rate the following:
1. The image colorfulness of Sample 1
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2. The image lightness of Sample 1
3. The image contrast of Sample 1
4. The image sharpness of Sample 1
5. The image artifacts of Sample 1
6. The overall image quality of Sample 1

2. Based on the reference scale provided above, rate the following:
1. The image colorfulness of Sample 2
2. The image lightness of Sample 2
3. The image contrast of Sample 2
4. The image sharpness of Sample 2
5. The image artifacts of Sample 2
6. The overall image quality of Sample 2

3. Based on the reference scale provided above, rate the following:
1. The image colorfulness of Sample 3
2. The image lightness of Sample 3
3. The image contrast of Sample 3
4. The image sharpness of Sample 3
5. The image artifacts of Sample 3
6. The overall image quality of Sample 3
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4. Based on the reference scale provided above, rate the following:
1. The image colorfulness of Sample 4
2. The image lightness of Sample 4
3. The image contrast of Sample 4
4. The image sharpness of Sample 4
5. The image artifacts of Sample 4
6. The overall image quality of Sample 4

5. Looking at all the four samples, which sample according to you has the highest overall
quality among A,B, C or D?

6. For the sample chosen above, which image quality attributes, influenced your decision
for the highest overall image quality? Choose a single most influential factor out of the
below options.
a) Image colorfulness
b) Image lightness
c) Image contrast
d) Image sharpness
e) Image artifacts
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Appendix D
Test Sample Image
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Appendix E
Summary of Ishihara Color Vision Scores
Observer ID

Score Percent

Evaluation

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30

100%
100%
81%
72%
100%
100%
100%
90%
81%
100%
72%
90%
100%
100%
90%
100%
100%
100%
100%
100%
100%
100%
100%
72%
90%
100%
90%
90%
100%
100%

Good
Good
Okay
Okay
Good
Good
Good
Good
Okay
Good
Okay
Good
Good
Good
Good
Good
Good
Good
Good
Good
Good
Good
Good
Okay
Good
Good
Good
Good
Good
Good
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